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Abstract 

Background: Fibre-rich rye products have been shown to have superior effects on self-reported appetite compared 
to white wheat bread and some studies have shown lower energy intake after subsequent meal. The aim of the 
present study was to evaluate the effects of whole grain rye crisp bread (RB) versus refined wheat bread (WB) on 
appetite in two studies using different portion sizes and total energy intakes. 

Methods: Two randomised cross-over pre-load studies were conducted in 20 and 21 subjects, respectively. Appetite 
was rated by visual analogue scale (VAS) for 4 h. In both studies, participants were 39± 14 years old and had 
BMI 23 ± 3. The studies differed in terms of energy content of the breakfasts and proportion of energy from the 
treatment product as well as amount of test products. Differences between treatments within the two studies were 
evaluated using mixed models with repeated measures appropriate for cross-over designs. 

Results: In Study one, hunger and desire to eat were significantly lower (P < 0.05) after RB compared with WB, but 
there were no difference for fullness or difference in energy intake at lunch served ad libitum. In Study two, the 
portion size was lower than in Study one and the test product constituted a larger proportion of the breakfast. 
Fullness was significantly higher after RB compared with WB (P < 0.05) and hunger, desire to eat as well as energy 
intake at lunch were significantly lower (P < 0.05). 

Conclusions: Whole grain rye crisp bread caused lower self-reported hunger, higher fullness and less desire to eat 
compared to refined wheat bread. It also led to a lower energy intake after an ad libitum lunch. Results were 
stronger and/or more consistent when the test meal portion was smaller and accounted for a larger proportion of 
the total energy intake of the breakfast. 
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Background 

Obesity is a major health concern that results in enor- 
mous health related costs worldwide. Unhealthy diet is 
one of the lifestyle factors that contributes to development 
of obesity and associated diseases such as type 2 diabetes 
and cardiovascular disease and diet is therefore an import- 
ant target for improved health [1-3]. Food intake is partly 
regulated by feelings of hunger and satiety and food 
characteristics such as energy-density, macronutrient 
composition, food structure and sensory attributes 
modulate these feelings [4]. Hunger feelings are major 
reasons for failed weight-loss attempts and developing 
foods that affect hunger and satiety in a beneficial direc- 
tion could contribute to weight management [5]. Con- 
sumption of foods that cause higher satiety per calorie 
may lead to lower eating motivations during the day and 
to subsequently lower energy intake. Many studies, but 
not all, have shown that dietary fibre and whole grain 
foods may promote feelings of satiety and reduce hunger 
in short term [6]. The effects are ascribed to increased vis- 
cosity and gel formation caused by certain soluble fiber 
which affects gastric distension and emptying as well as 
nutrient absorption rate [7,8] which in turn could affect 
different stages in the satiety cascade' [9]. Fiber-rich whole 
grain foods may also affect secretion of satiety-related hor- 
mones [10] and gut fermentation may affect satiety via dif- 
ferent pathways, including effects on hormones [11,12]. 

The relationship between self-reported satiety and hun- 
ger and food/energy intake is not straight forward [4] 
and other factors also affect body weight management. 
However, a recent meta-analysis including 23 studies con- 
cluded that a 15% change in self-reported satiety on a 
VAS -scale was associated with significant change in food 
intake [13]. In total, about 25 short-term studies have been 
published on the short-term post-meal satiety after intake 
of 60 different fiber- rich cereal food products [14]. Many 
of the studies reported increased satiety, suppressed hun- 
ger and/or a decreased in energy intake in a subsequent 
meal after consumption of foods rich in fiber or whole 
grain compared with iso-caloric portions of low-fiber con- 
trol foods [14]. 

Among cereal foods, fibre-rich rye products have con- 
sistently shown beneficial effects on glucose metabolism 
and self-reported satiety, suppression of hunger and/or 
energy intake in a subsequent meal [15-21]. These stud- 
ies have included breads and porridges based on intact 
or milled rye fractions, representing large differences in 
food structure, which is known to affect metabolism, 
glycemic index and satiety [16]. However, so far no study 
has investigated the effect of whole grain rye crisp bread, 
which is an important contributor to whole grain rye 
intake in Sweden [22]. Crisp bread contains only about 
5-8% water and has a different microstructure than por- 
ridge and soft bread. Under iso-caloric, ready-to-eat 



conditions, lower amount of crisp bread than soft bread 
or porridge therefore is needed to provide equal energy. 
The aim of the present study was to investigate short term 
effects on satiety, hunger and desire to eat as well as en- 
ergy intake in a subsequent meal after a normal breakfast 
with iso-caloric rye crisp bread (RB) or refined wheat 
bread (WB). Because there is no common practice regard- 
ing amounts used in pre-load studies [4], we evaluated the 
effects in two separate randomized controlled meal studies 
where two different amounts of test products and break- 
fast energy contents were tested. 

Materials and methods 

Study design and subjects 

In both studies, subjects followed a randomised, balanced, 
cross-over design, in which all participants had both test 
breakfasts in random order. Study days were separated by 
a wash-out period of six days to avoid carry-over effects. 
Study two was conducted six months after Study one. 

In both studies, 24 healthy men and women were re- 
cruited through advertisement in a local newspapers and 
by sending e-mails to employees at the the BioCentre at 
Swedish University of Agricultural Sciences, Uppsala, 
Sweden. Only those who regularly consumed breakfast, 
lunch and dinner and who did not follow any diets in- 
cluding vegetarians and vegans were allowed to partici- 
pate. Additional exclusion criteria included dieting, use 
of tobacco, BMI < 18 or > 30, physiological or psycho- 
logical problems with eating, gastrointestinal problems 
or other medical conditions that were likely to affect ap- 
petite or food intake including food intolerances or aller- 
gies. Women that were pregnant, lactating or wishing to 
become pregnant during the study period were also ex- 
cluded. Persons aged over 65 were excluded as high age 
can result in effects on appetite and a decreased food in- 
take. Written informed consent was obtained from each 
participant. The study was carried out in compliance 
with the Helsinki Declaration. Appetite ratings and an- 
thropometric data was coded and could not be traced to 
any individual. Due to complete blinding and because no 
invasive methods were used, the local ethical committee 
in Uppsala judged no ethical application was needed. 
Written informed consent for participation in the study 
was obtained from all participants. 

Appetite ratings and energy intake after ad libitum lunch 

Study participants were instructed by e-mail to abstain 
from consuming any food or beverage after 20.00 the 
day preceding the first study day and the last meal 
should not contain any products rich in fibre such as 
whole grain foods, fruit and vegetables. They were also 
instructed to not perform any vigorous physical exercise 
during the 24 hours before the study occasion. If these cri- 
teria were slightly violated, participants were instructed to 
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repeat the same activity before the next study occasion to 
minimise any confounding effects. 

In the morning of the test day, participants were instructed 
to come fasted to the study premises at Ultuna Campus, 
Swedish University of Agricultural Sciences. During fast- 
ing subjects were asked to refrain from water intake at 
least 2 hours before the study. Upon arrival, participants 
were weighted (with 0.01 kg precision), height was mea- 
sured (0.5 cm precision) and they were asked about their 
date of birth, last meal and drink. Furthermore, partici- 
pants were provided with a hand-held computer, model 
z22 (Palm Inc, Sunnyvale, USA) and instructed on how to 
use the electronic VAS to score their feelings of hunger, 
fullness and desire to eat. Participants were seated to- 
gether at round tables in two separate rooms according to 
treatment. 

Before breakfast, subjects filled out appetite ratings on 
the Palm computer. Subjects then had their breakfast 
between 8.00 and 9.00 and were asked to finish the meal 
within 15 minutes. Data on was recorded. Subjects filled 
out new appetite ratings 30 minutes from the first ques- 
tion and then every 30 minutes until lunch. The Palm 
computer indicated when it was time to reply to the 
three questions given in a sequence: 'How hungry do 
you feel right now?', 'How full do you feel right now?' 
and 'How strong is you desire to eat right now?' along 
with the respective scales marked at opposite ends: not 
at all hungry/ extremely hungry, not at all full/ extremely 
full, extremely strong/not strong at all. Like the conven- 
tional 100 mm VAS, the computer translates the mark 
that the participant makes along the scale to a number 
between 0-100. The lunch was served ad libitum exactly 
4 hours after the initiation of the breakfast. Conversation 
was allowed with the exception of discussing the study 
or comparing ratings. Participants were not allowed to 
eat or drink anything between breakfast and lunch, but 
were allowed to perform their usual occupation. Infor- 
mation about the study was given both orally and in 
written to those who reported interest to participate. 

In Study two, a few of the Palm computers did not 
work and thus scales on paper were used on which ap- 
petite was scored with a pen. Scales were measured and 
values were entered manually in an excel- speadsheet. 
The same scale as on computers were used and previous 
studies have shown that the methods give similar results 
in agreement and can be used interchangeably with a 
minimal bias [23-25]. 

Test products and meals 

The intervention product used in both studies was a 
whole grain rye crisp bread (RB) and the control product 
a refined soft wheat bread (WB) (Table 1). Dietary fibre 
components in the two breads were analysed by the 
Uppsala method [26] and mixed-linkage |3-glucan [27] 



Table 1 Dietary fibre content and composition in whole 
grain rye crisp bread (RB) and refined wheat bread (WB) 

Treatment bread 



Fibre RB WB 



Total dietary fibre^ 


17.5 


6.4 


Arabinoxylan^ 


8.2 


2.1 


(3-Glucan 


1.9 


0.27 


Cellulose and resistant starch"^ 


2.4 


2.3 


Fructan 


2.9 


0.38 



^Calculated as the sum of dietary fibre components analysed by the Uppsala 
method [26] and fructan content [28]. 

"^Calculated as sum of arabinose and xylose residues analysed by the Uppsala 
method [26]. 

^Calculated as the difference between glucose residues analysed by the 
Uppsala method [26] and total p-glucan [27]. 
Values are given as% of dry matter. 

and fructan [28] contents by using the Megazyme kits 
K-BGLU and K-FRUC, respectively. The breads were 
served as part of a standardised breakfast together with 
margarine, ham, a small glass of orange juice (2 dl in 
Study one and 1 dl in Study two) and cheese (only 
served in Study one) (Table 2). Participants could choose 
between a cup of coffee or tea (the same amount and 
choice of beverage was used for both RB and WB treat- 
ments). Energy content was adjusted by adding margar- 
ine to make RB and WB treatments isocaloric. Study 
one and two differed in four important aspects; total 
fibre content and composition, total energy content, 
amount test products and the proportion of total energy 
content originating from the test products (Table 2). In 
Study one, the total energy content was about 40% more 
than in Study two and the test prouct amount and en- 
ergy was 20% lower in Study two. In Study one, 48% of 
the energy content of the treatment breakfast originated 
from the breads, whereas in Study two, 61% of the total 
energy content originated from the breads. 

Four hours after intake of breakfast, participants were 
served a standardised lunch consisting of the Swedish 
dish 'Pyttipanna which is a mixture of finely chopped 
pieces of pork, beef, potato and onion, that had been 
commercially manufactured and then fried in 5 g of rape 
seed oil per 1000 g before serving. All participants were 
served a plate with 600 g of 'Pyttipanna (709 kJ/100 g) 
and a glass with 90 g of pickled beetroot (200 kJ/100 g), 
a glass of water (200 mL) and an empty plate. They were 
instructed to eat an ad libitum amount of food until 
they felt pleasantly full. The leftovers of each participant 
were weighted in order to measure the amount of food 
they had ingested and calculate the energy intake. This 
procedure was the same in both studies. 

Statistical analysis 

Statistical analyses were performed using SAS (version 
9.2, SAS Institute Inc., USA). The level of significance 
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Table 2 The amount, macro-nutrient and energy content of the breakfasts provided in Study one (S1) and two (S2) 

Nutrient 

Amount (g) Energy (kJ) 

Fat (g) Protein (g) Carbohydrate (g) Dietary fibre (g) 

SI S2 SI S2 SI S2 SI S2 SI S2 SI S2 

RB 

Whole grain rye crisp bread 80 

Margarine 30 

Ham 27 

Clieese 25 

Orange juice 200 

Total 362 
E% 



WB 



Refined soft wheat bread 


108 


86 


3.8 


3.0 


9.7 


6.9 


50 


40 


3.8 


2.6 


1180 


936 


Margarine 


30 


20 


11.7 


7.8 


0.1 


0.1 


0.9 


0.6 


0 


0 


450 


301 


Ham 


27 


30 


0.8 


0.9 


5.9 


6.6 


0.3 


0.3 


0 


0 


136 


152 


Cheese 


25 




7 




5.8 




0 




0 




357 




Orange juice 


200 


100 


0.2 


0.1 


1.4 


0.7 


18 


9.0 


1.4 


0.7 


348 


174 


Total 


390 


241 


24 


12 


23 


14 


69 


50 


5.2 


3.3 


2475 


1561 


E% 






35 


28 


13 


16 


47 


55 


2 


2 


100 


100 



64 


1.9 


1.5 


7.7 


6.1 


52 


42 


13 


10 


1188 


953 


20 


11.7 


7.8 


0.1 


0.1 


0.9 


0.6 


0 


0 


450 


301 


30 


0.8 


0.9 


5.9 


6.6 


0.3 


0.3 


0 


0 


136 


151 




7 




5.6 




0 




0 




357 




100 


0.2 


0.1 


1.4 


0.7 


18 


9.0 


1.4 


0.7 


348 


174 


214 


22 


10 


21 


14 


71 


52 


14 


11 


2479 


1573 




33 


24 


14 


15 


48 


56 


5 


6 


100 


100 



was set at P < 0.05. Normality of the data was evaluated 
using Shapiro-Wilks test as well as graphically by plot- 
ting the residual variance when fitted to a linear model. 
When the data showed a non-Gaussian distribution, data 
were log-transformed. Criteria for choosing a trans- 
formed or a non-transformed model were primarily 
based on the graphic test for normality and secondarily 
on Shapiro-Wilks test. Effects on appetite was analysed 
based on VAS scores as well as for the calculated AUG 
for the three questions respectively. AUGs were calcu- 
lated using the trapezoidal rule. Data from Study one 
and two was analysed separately by mixed models appro- 
priate for cross-over designs. For VAS scores, the model 
included occasion, treatment, time point and, time point x 
treatment, occasion x treatment as fixed factors. Subject 
was entered as a random factor. For AUG and total energy 
intake after ad lib lunch, similar models were used but the 
factor time point was excluded. Differences in appetite be- 
tween breakfasts measured with AUG as well as differ- 
ences in subsequent meal energy intake were compared 
using adjusted mean values (least mean squares, LSM). 
When log-transformed data was used, the LSM presented 
represent the geometric means. All mean values presented 
for AUG and energy intakes are LSM ± standard error 
of the mean (SEM). Other mean values are aritmetric 
mean values ± standard deviation (SD). The number 
of participants needed to detect a 10% difference in appe- 
tite scores between the treatments with paired design 
and with a < 0.05 and power = 80% has previously been 



estimated to 13-18. Less than 8 are required when evalu- 
ating mean ratings during 4.5 h [29]. 

Results 

Twenty one and twenty participants fulfilled the inclu- 
sion criteria and completed Study one and two, respect- 
ively. Subjects had similar characteristics in both studies, 
but the number of female participants was higher in 
Study two (Table 3). All participants finished their break- 
fasts within 15 minutes in both studies. The breads used 
contained large differences in dietary fibre content and 
composition. RB contained 17.5% total dietary fibre with 
arabinoxylan, fructan, cellulose and resistant starch, and 
|3-glucan as major constituents. WB had considerably 
lower total dietary fibre content (6.4%) with cellulose 
and resistant starch and arabinoxylan as major compo- 
nents. The wheat bread process favour formation of re- 
sistant starch compared to the rye crisp process used 
which is the reason for the relatively high content of cel- 
lulose and resistant starch content in WB. 

Study one 

Before breakfast, there were no significant difference in 
mean ratings for hunger, satiety and desire to eat be- 
tween treatments (P > 0.05). After breakfast, participants 
felt less hungry after eating the RB breakfast compared 
to the WB breakfast ( P < 0.0001, Figure lA, D). The dif- 
ferences in hunger when evaluated by comparing AUG 
was 24% (P = 0.02) (Figure ID). Moreover, participants 
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Table 3 Characteristics of participants in Study one (S1) and two (S2) 





Men 




Women 




All 






SI 


S2 


SI 


S2 


SI 


S2 


Participants (n) 


10 


6 


11 


14 


21 


20 


Age (years) 


34± 11 


38±13 


44± 15 


40±15 


39±14 


39± 14 


Weiglit (l<g) 


78± 12 


75 ±15 


62 ±5 


62 ±6 


70±12 


66±12 


Heiglit (m) 


1 .80 ± 0.08 


1 .79 ± 0.07 


1 .66 ± 0.05 


1 .66 ± 0.04 


1.73 ±0.1 


1 .70 ± 0.08 


BMI (kg/m^) 


24 ±4 


23 ±4 


23 ±2 


22 ±2 


23 ±3 


23 ±3 



felt less hunger, regardless of breakfast type, in second 
treatment period (P = 0.003). An over- all difference in 
satiety was detected between the breakfasts (P = 0.03) 
(Figure IB) but not when comparing AUCs between 
treatments (P = 0.571) (Figure IE). Participants felt less 
desire to eat after the RB breakfast compared to the 
WB breakfast (P < 0.001) (Figure IC) and in the second 



period, independent of treatment (P = 0.0006). The de- 
sire to eat was 23% lower (P = 0.02) after eating the RB 
breakfast compared to the WB breakfast when compar- 
ing the AUCs between treatments (Figure IF). 

There was no difference in energy intake between 
treatments after the ad libitum lunch exactly 4 h after 
the breakfast meal (P = 0.413). 




Time 

Figure 1 Self-reported appetite ratings from 8.00 - 12.00 and the corresponding area under the curve (AUC) in Study one. Self-reported 
A) liunger, B) satiety, C) desire to lieat, D) AUC for liunger, E) AUC for satiety, F) AUC for desire to eat. Estimates in A-C represent aritlimetic mean 
values for each treatment. The difference between rye bread (RB) and wheat bread (WB) treatments is provided as a % difference between the 
least square means (LSM) for each treatment AUC, estimated by mixed linear models appropriate for cross-over designs (see statistical analysis 
section). P < 0.05 was considered statistically significant. 
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Study two 

Before breakfast, there were no differences between 
the treatments (P > 0.05). After breakfast, participants 
were less hungry after eating the RB breakfast com- 
pared to the WB breakfast (P < 0.0001) (Figure 2A). 
There was also an interaction between treatment and occa- 
sion (P = 0.012), indicating that hunger scores were af- 
fected by the treatment order. The treatment order 
appeared to affect the magnitude of difference between 
breakfasts, but not the direction; participants were less 
hungry after eating the RB breakfast, but the hunger scores 



were lower in the group who started with RB and then 
received WB than in the group with opposite order 
and the difference was large enough to result in a statisti- 
cally significant interaction. When hunger was evaluated 
based on the AUG, there was also an interaction between 
treatment and occasion (P = 0.006), with a slightly larger 
difference in hunger for the group who started with the 
RB (23%) compared with the group who started with the 
WB (18%) (Figure 2G). 

Participants felt more full (P < 0.0001) after eating the 
RB breakfast compared to the WB breakfast (Figure 2B). 




C) F) H) 




Time 



Figure 2 Self-reported appetite ratings from 8.00 - 12.00 and the corresponding area under the curve (AUC) in Study 2. Self-reported 
A) hunger, B) satiety, C) desire to heat, D) AUC for hunger, E) AUC for satiety, F) AUC for desire to eat. Estimates in A-C represent arithmetic mean 
values for each treatment. The difference between rye bread (RB) and wheat bread (WB) treatments is provided as a % difference between the 
least square means (LSM) for each treatment AUC, estimated by mixed linear models appropriate for cross-over designs (see statistical analysis 
section). P < 0.05 was considered statistically significant. When a statistically significant interaction between treatment and occasion was observed 
i.e. when effect of treatment appeared to be treatment order, treatment effects were evaluated separately according to treatment sequence 
(RB-WB or WB-RB, respectively). This was the case for G) hunger and H) desire to eat. 

V J 
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The difference was 24% when comparing AUCs between 
treatments (P < 0.0001) (Figure 2E). Desire to eat was 
lower after eating the RB breakfast compared to the WB 
breakfast (P < 0.0001) (Figure 2C). However, there was 
an interaction (P = 0.028) between treatment and occa- 
sion, showing that the effect was dependent on the order 
in which RB or WB breakfast was served to the partici- 
pants. In the group who started with RB, the differ- 
ence between the breakfasts in desire to eat was less 
clear than for the group who started with WB. As ex- 
pected, an effect of the interaction between treatment 
and occasion (P = 0.044) was also found for the evalu- 
ation of differences in AUG, meaning that the differ- 
ence in desire to eat was statistically different between 
the group that received the RB and WB breakfast first, 
respectively. This difference between treatments was 
largest (28%) among participants who started with 
WB compared to 21% in the group who started with 
RB (Figure 2H). 

Energy intake was about 8% lower at the ad libitum 
lunch exactly 4 h after RB compared to WB breakfast 
(P = 0.024). There was also an effect of occasion (P = 0.01) 
showing that participants had higher energy intake after 
the second treatment, irrespective of breakfast. 

Discussion 

The present study investigated for the first time how 
whole grain crisp bread instead of refined wheat bread 
for breakfast affected the self-reported hunger, satiety 
and desire to eat as well as the energy intake after a sub- 
sequent meal served ad libitum 4 h after breakfast. Ef- 
fects were evaluated in two studies where the amount of 
test foods as well as the total energy intake of the break- 
fasts differed. 

In Study one, where test bread intake as well as total 
energy intake was relatively high, participants felt less 
hungry and less desire to eat after consuming RB instead 
of WB for breakfast. However, no statistically significant 
effect on fullness or in energy intake after a subsequent 
lunch was observed. The bread portion together with 
the additional breakfast foods comprised what would be 
considered a large breakfast (2480 kj) [30]. Due to the 
large surface area of crisp bread, more spread, ham and/ 
or cheese was needed than for a typical soft bread of 
similar weight. 

The amount of breakfast product and the total energy 
intake was reduced in Study two, in order to investigate 
whether more consistent effects on appetite and subse- 
quent meal energy intake could be obtained at a some- 
what lower intake of product and lower total energy 
intake. The difference between treatments in Study two 
was similar in magnitude (20-28%) as in Study one, but 
more consistent as a statistically significant difference in 
self-rated satiety was also found. 



Although the amount of test bread used in Study two 
was 20% lower than in Study one, the proportion of en- 
ergy from test bread of entire breakfast was higher since 
the total energy of the entire breakfast was considerably 
reduced. The total energy in Study two was in the lower 
range (1580 kJ) of what would be considered a normal 
breakfast [31]. We speculate that the less consistent re- 
sults in Study one compared with Study two were due to 
a too high over- all breakfast intake and/or energy intake 
which masks differences between tested breads due to 
the fact that participants reported high satiety ratings for 
both diets. This is to some degree supported by results 
from previous studies [15,16]. However, the macronutrient 
composition differed slightly between our our two studies 
and that could also have affected the results. 

The finding that whole grain rye crisp bread affects sa- 
tiety, hunger and desire to eat as well as energy intake in 
a subsequent meal, in a favorable direction is in line with 
previous studies with fibre-rich rye products in a similar 
study design. Isaksson et al. have for example consist- 
ently shown that whole grain rye porridge based on intact 
kernels, different milling fractions and flour or flakes, in- 
crease satiety and decrease hunger during 4 h after intake, 
compared with iso-caloric refined wheat bread served with 
identical breakfast foods [16,17,31]. Also iso-caloric rye 
breads containing different bran fractions, whole grain, 
and sifted rye flour, all showed significantly higher satiety 
ratings than refined wheat bread although the largest ef- 
fects were observed when replacing 25-60% of the refined 
wheat flour for rye bran [15]. Furthermore, Rosen et al. 
[20] found similar effects on appetite ratings for different 
rye breads for breakfast compared to a refined wheat 
bread breakfast and they also found 16% lower energy in- 
take at lunch when participants consumed rye kernel 
bread compared with refined wheat bread. These findings 
are in line with the 8% lower energy intake at lunch after 
RB compared to WB breakfast in present Study two. 

In our two studies, we found no significant difference 
between the two test breads at the first time point 
(30 min) after breakfast. This is in contrast to what has 
been found in the studies with rye bread and porridges 
by Isaksson et al. [15,31], where differences between treat- 
ments started to appear immediately after intake. This dif- 
ference between studies probably reflect the higher water 
content in soft bread and porridge which results in a lar- 
ger volume compared to crisp bread. Added water incor- 
porated into foods has been shown to increase satiety and 
decrease spontaneous food intake in short-term [32]. 
Isaksson et al. showed that the immediate effect of large 
difference in weight and volume caused by water between 
a milled kernel porridge and a kernel porridge, disap- 
peared during the first hour after a meal [16]. 

In the current study we only evaluated effects up to 
4 hours. In previous studies, prolonged satiety between 
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4.5-8 h after breakfast has been observed after consump- 
tion of rye porridge with intact l<ernels, but not milled 
kernels, probably as a result of reduced small intestinal 
digestion and absorption due to a physical barrier to di- 
gestive enzymes and hence, a greater extent of nutrient 
and dietary fibre reached the colon where they could be 
fermented [16]. However, high-fibre breads based on 
milled rye bran and whole grain flour also showed sig- 
nificantly higher degree of dry matter, ash, protein, fat, 
amylase-available starch and dietary fibre escaping small 
intestine digestion and in an ileostomy model [33]. This 
suggests that rye products based on milled flour, may 
also lead to a greater availability of fermentable nutri- 
ents in the colon, which could affect satiety and ap- 
petite. RB contained more fermentable fructans and 
arabinoxylans than the WB. It remains to test whether 
whole grain crisp bread also results in significant after- 
noon effects. 

We did not assess the mechanisms underlying the bene- 
ficial effects of replacing WB for RB in the present study. 
However, it is interesting that RB, which has a smaller vol- 
ume and different microstructure than soft bread or por- 
ridge resulted in similar effects on self-reported appetite 
ratings and reduction in energy intake [15-18,20,31]. This 
suggests that features of dietary fibre and or bioactive 
compounds of rye may be more important for the short- 
term effect (< 4 h) on self-rated appetite and energy intake 
than for example test product volume. The dietary fiber 
intake in the present study was higher or similar com- 
pared with previous studies using high-fiber rye products 
[15-18,20,31]. Positive effects on appetite derived from rye 
fiber may include bulking effects resulting in increased 
extension of the stomach and delayed gastric empty- 
ing (for viscous fiber) which in turn may affect nutrient 
absorption kinetics. High-fibre rye compared to refined 
wheat has been shown to lower postprandial insulin 
secretion [19,21]. This together with other early sig- 
nals of satiation may have contributed to positive ef- 
fects appetite ratings in the present study. The impact 
of bioactive compounds such as benzoxazinoids and 
phenolic acids on glycemic response appetite has been 
investigated recently, but needs to be studied further 
to reach a conclusion [18,34]. 

Taken together, results from the studies clearly showed 
beneficial effects of eating whole grain rye crisp bread 
compared with refined wheat bread as part of a nor- 
mal breakfast on hunger, desire to eat and/or satiety. 
The difference was about 20-30% between treatments 
and the effects are most consistent when RB consti- 
tuted a large proportion of the energy content of a 
small breakfast. 

Abbreviations 

AUC: Area under the curve; BMI: Body mass index; RB: Whole grain rye crisp 
bread; VAS: Visual analogue scale; WB: Refined wheat bread (WB). 



Competing interests 

RL holds a research grant from The Swedish Association of Crispbread 
Manufacturers (Foreningen Sveriges Spisbrodsfabrikanter) for the financing of 
the current study. RL did not get salary or any other financial compensation 
for conducting the present study or for any other purposes. No other 
financial competing interests exist. 

Authors' contributions 

RL and PA conceived and designed the study. RL conducted the trails, 
prepared datasets, conducted statistical analysis, interpreted data, wrote the 
manuscript and has the responsibility for the final content. TF assisted in the 
conduct of the second trail and conducted statistical analysis under the 
supervision of RL and contributed to data interpretation. All authors read 
and approved the final manuscript. 

Acknowledgements 

We would like to thank all volunteers who participated in the studies. We 
also thank Magnus Lindelof for his kind assistance in Study one. 
Leksandsbrod is acknowledged for providing the breads for the Study. 
FoodFiles and Lantmannen are acknowledged for providing the handheld 
Palm 3 computers. 

Funding 

This study was supported by a research grant provided by research grant 
provided by The Swedish Association of Crispbread Manufacturers 
(Foreningen Sveriges Spisbrodsfabrikanter). The salary of Rikard Landberg 
and Per Aman was covered by Swedish University of Agricultural Sciences. 

Received: 16 September 2013 Accepted: 10 March 2014 
Published: 25 March 2014 

References 

1. Mozaffarian D, Hao T, Rimm E, Willet W, Hu F: Changes in diet and 
lifestyle and long-term weight gain in women and men. NEJM 2011, 
364:2392-2404. 

2. Lindstrom J, Peltonen M, Eriksson J, llanne- PArikka P, Aunola S, Keinanen- 
Kiukaanniemi S, Uusitupa M, Tuomilehto J, /DPS) FDPS: Improved lifestyle 
and decreased diabetes risk over 13 years: long-term follow-up of the 
randomized Finnish Diabetes Prevention Study (DPS). Diabetologia 2013, 
56:284-293. 

3. Wirfalt E, Drake I, Wallstrom P: What do review papers conclude about food 
and dietary patterns? Nutr Res: Food; 2013:57. 

4 Blundell J, de Graaf C, Hulshof T Jebb S, Livingstone B, LIuch A, Mela D, 
Salah S, Schuring E, van der Knaap H, Westerterp M: Appetite control: 
methodological aspects of the evaluation of foods. Obes Revw 2010, 
11:251-270. 

5. Hetherington M, Cunningham K, Dye L, Gibson E, Gregersen N, Halford J, 
Lawton C, LIuch A, Mela D, van Trijp H: Potential benefits of satiety to the 
consumer: scientific conciderations. Nut Res Rev 2013, 26:22-38. 

6. Clartk M, Slavin J: The effect if fibre on satiety and food intake: a systematic 
review. J Am Coll Nutr 201 3, 32:200-21 1 . 

7. Kristensen M, Jensen M: Dietary fibres in the regulation of appetite and 
food intake. Improtance of viscosity. Appetite 201 1, 56:65-70. 

8. Wanders A, Jonathan M, dan den Borne J, Mars M, Schols H, Feskens E, 
de Graaf C: The effects of bulking, viscous and gel-forming dietary fibres on 
satiation. erj/Vutr 201 2:1 -8. 

9. Blundell J, Rogers P, Hill A: Evaluating the satiating power of foods: 
implications for acceptance and consumption. In Food Acceptance and 
Nutrition. Edited by S J, Booth D, Pangbourne R, Raunhardth 0. London: 
Academic Press; 1987:205-219. 

10. Cani P, Lecourt E, Dewulf E, Sohet F, Pachikian B, Naslain D, de Backer F, 
Neyrinck A, Delzenne N: Gut microbiota fermentation of prebiotics 
increases satietogenic and incretin gut peptide production with 
conequences for appetite sensation and glucose response after a meal. 
Am J Clin Nutr 2009, 90:1236-1243. 

11. Delzenne N, Neyrnck A, Backhed F, Cani P: Targeting gut microbiota in 
obesity: effects of prebiotics and probiotics. Nature Rev Endocrinol 201 1, 
7:639-646. 

12. Darzi J, Frost G, Robertson MD: Conference on 'Nutrition and health: 
cell to community' Postgraduate symposium Do SCFA have a role in 
Appetite regulation? Proc Nutr Soc 201 1, 70:1 19-128. 



Forsberg et at. Nutrition Journal 2014, 13:26 
http://www.n utritionj.com/content/l 3/1 /26 



Page 9 of 9 



13. 



14. 



15. 



16. 



17. 



19. 



20. 



22. 



23. 



24. 



25. 



26. 



27. 



29. 



30. 



31. 



32. 



Sadoul BC, Schuring EAH, Mela DJ, Peters HPF: The relationship between 
appetite scores and food intal<e: an analysis based on 25 studies. 

Appetite 2013, 71:485. abstract 205. 

Isaksson H: Satiating effects of rye foods. Swedish University of Agricultural 
Sciences, Department of Food Science; 2012. 
Isaksson H, Fredriksson H, Andersson R, Olsson J, Aman P: Effect of rye 
bread breakfasts on subjective hunger and satiety: a randomized 
controlled trial. Nutr J 2009, 8:39. 

Isaksson H, Rakha A, Andersson R, Fredriksson H, Olsson J, Aman P: Rye 
kernel breakfast increases satiety in the afternoon - an effect of food 
structure. Nutr J 20]], 10:31. 

Isaksson H, Tillander I, Andersson R, Olsson J, Fredriksson H, Webb D-L, 
Aman P: Whole grain rye breakfast — Sustained satiety during three 
weeks of regular consumption. Pliysiol Behav 2012, 105:877-884. 
Rosen LAH, Ostman EM, Bjorck IMF: Postprandial Glycemia, Insulinemia, 
and Satiety Responses in Healthy Subjects after Whole Grain Rye 
Bread Made from Different Rye Varieties ^. J Agric Food Cliem 2011, 
59:12139-12148. 

Juntunen KS, Laaksonen DE, Autio K, Niskanen LK, Hoist JJ, Savolainen KE, 
Liukkonen K-H, Poutanen KS, Mykkanen HM: Structural differences between 
rye and wheat breads but not total fiber content may explain the 
lower postprandial insulin response to rye bread./\m jC//n A/L/rr2003, 

78:957-964. 

Rosen L, Ostman E, Bjorck I: Effects of cereal breakfasts on postprandial 
glucose, appetite regulation and voluntary energy intake at a 
subsequent standardized lunch; focusing on rye products. Nutr J 20]], 
10:7. 

Rosen L, Silva L, Andersson U, Holm C, Ostman E, Bjorck I: Endosperm 
and whole grain rye breads are characterized by low post-prandial 
insulin response and a beneficial blood glucose profile. Nutr J 2009, 

8:42. 

Kyro C, Skeie G, Dragsted L, Christensen J, Overvad K, Hallmans G, 
Johansson I, Lund E, Slimani N, Johnsen NF, Halkjaer J, Tjonneland A, 
Olsen A: Intake of whole-grain in Scandinavia- intake, sources 
and recommendations. Public Health Nutr 2011. doi:10.1177/ 
1403494811421057. 

Stratton RJ, Stubbs RJ, Hughes D, King N, Blundell J, Elia M: Comparison of 
the traditional paper visual analogue scale questionnaire with an Apple 
Newton electronic appetite rating system (EARS) in free living subjects 
feeding ad libitum. Eur J Clin Nutr ]998, 52:737-741. 
Stubbs RJ, Hughes D, Johnstone M, Rowley E, Ferris S, Elia M, Stratton R, 
King N, Blundell JE: Description and evaluation of a Newton-based 
electronic appetite rating system for temporal tracking of appetite in 
human subjects. Physiol Behav 2001, 72:615-619. 
Stubbs RJ, Hughes D, Johnstone A, Rowley E, Reid C, Elia M, Stratton R, 
Delargy H, King N, Blundell JE: The use of visual analogue scales to 
assess motivation to eat in human subjects: a review of their 
reliability and validity with an evaluation of new hand-held 
computerized systems for temporal tracking of appetite ratings. Br J 
Nutr 2000, 84:405-415. 

Theander 0, Aman P, Westerlund E, Andersson R, Petersson D: Total dietary 
fiber determined as neutral sugar residues, uronic acids residues, and 
Klason Lignin (The Uppsala method): collaborative study. J /\0/\C /nt 

1995, 78:1030-1044. 

McCleary B, Codd R: Measurement of (1-3), (1-4)-beta-d-glucan in barley 
and oats - a streamlined enzymatic procedure. J Sci Food Agric 1991, 
55:303-312. 

McCleary B, Murphy A, Mugford D: Measurement of total fructan in foods 
by enzymatic/spectrophotometric method: collaborative study. J AOAC 
Int 2000, 83:356-364. 

Flint A, Raben A, Blundell J, Astrup A: Reproducibility, power and validity 
of visual analogues scales in assessment of appetite sensations in single 
test meal studies. Int J Obes 2000, 24:38-48. 

Ministers, NCo: Nordic Nutrition Recommendations, Integrating nutrition and 

physical activity 4th edition. Copenhagen: Norden; 2004. 

Isaksson H, Sundberg B, Aman P, Fredrikson H, Olsson J: Whole grain rye 

porridge breakfast improves satiety compared to refined wheat bread 

breakfast. Food Nutr Res 2008. doi:10.3402/fnr.v52i0.1809. 

Rolls B, Bell E, Throwart M: Watr incorporated into a food but not served 

with a food decreases energy intake in lean women. Am J Clin Nutr 1999, 

70:448-455. 



33. 



34. 



Isaksson H, Landberg R, Sundberg B, Lundin E, Hallmans G, Zhang J-X, 
Tidehag P, Knudsen K, Moazzami A, Aman P: High-fibre rye diet increases 
ileal excretion of energy and macronutrients compared with low-fiber 
wheat diet independent of mel frequency in ileostomy subjects. 

Food Nutr Res 2013, 12:57. doi:10.3402/fnr.v57i0.18519. 

Rosenfeld M, Forsberg S: Compounds for use in weight loss and appetite 

suppression in humans. 2009. US Patent US7507731 B2. 



doi:1 0.1 1 86/1 475-2891-1 3-26 

Cite this article as: Forsberg et al.: Effects of whole grain rye crisp bread 
for breakfast on appetite and energy intake in a subsequent meal: two 
randomised controlled trails with different amounts of test foods and 
breakfast energy content. Nutrition Journal 2014 13:26. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at 
www.biomedcentral.com/submit 



o 



BioMed Central 



